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(57) Claim 

l . Xaproved water-absorbent resin particles comprising water- 
absorbent resin particles (A) which are a crosslinfced polymer oi OJ 
ethylenically unsaturated monomers comprising acrylic acid end/or ^ 
acrylic acid salt as an essential element, treated with an g 
organic polys iloxaae (S) which is in the liquid state at an ^ 
ordinary temperature, wherein . 03 

<S) (A) and (8) are mixed and/or reacted, ^ 
© the ratio of particles with a particle size of 10 - 1.000 O 
jus in (A) particles is 95 weight * or more, 

<3> the weight ratio of (A) /(B) is 100/(0.001-3). 
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DESCRIPTION 

IMPROVED HATER-ABSORBENT RESIN PARTICLES 

Technical Field 

Vhe present invention relates to water-absorbent resin 
particles treated with organic polysiloxane. More specifically, 
it relates to improved water-absorbent resin particles treated 
with liquid organic polysiloxane to have an improved absorption 
rate wit* little problem of blocking caused by moisture 
absorption. 

Background Art 

Hitherto water-absorbent resins have been broadly used in 
hygienic materials such as sanitary napkins and disposable 
diapers or water retaining materials for soil. Examples of such 
water-absorbent resins include substantially water-insolubls 
crosslinked polymers such as crosslinked polyaerylic acid salts, 
self-cross linked polyaerylic acid salts, crosslinked graft- 
copoiyaers of starch-acrylic acid salts, crosslinked copolymers 
of vinyl alcohol-acrylic acid salts, hydrolyased crosslinked 
copolymers of acrylaoide, neutralised crosslinked copolymers of 
isobutylene-maleic anhydride and crosslinked carboxymethyl 
cellulose salts. 
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Although such conventional water-absorbent resins have a 
high absorbing ability, they are not satisfactory enough for the 
applications in disposable diapers or sanitary napkins, which 
require a high absorption rate, and thus water-absorbent resins 
la a particle form have been commonly used in combination with a 
fibrous material having a high absorption rate such as pulp. 

That is. there has been a problem that since as the 
absorbing ability of a water-absorbent resin increases the 
affinity with water increases as well, when the resin particles 
cone in contact with water, the contacted portion is gelatinised 
to prevent uniform penetration of water to the inner part of 
particles, resulting in a lower absorption rate. 

la order to rectify the problem, attempts have been made to 
increase the surface area by crushing water-absorbent resin 
particles to increase the area contacting water to facilitate the 
absorption rate. By increasing the surface area, absorption rate 
becomes somehow higher. However, since a Silm of undissolved 
powder lump is formed at a surface portion of resin particles in 
contact with water, and further particles stick to each other to 
deteriorate the unii a penetration of water, merely crushing 
particles did not lead to fundamental improvement of the 
absorption rate. 

In addition to the above mentioned problem, in conventional 
water-absorbent resin particles, the high absorbing property 
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causes problems such as blocking of the water-absorbent resin 
particles to each other caused by absorbing moisture to adhere to 
the machine, or disabling the discharge of the water-absorbent 
resin from the hopper or continuous regular supply to the machine 
in the process of storing or providing the water-absorbent resin 
particles to the machine for producing disposable diapers in 
conditions of high humidity. 

As the means to improve the hygroscopic blocking rate, 
methods as the following examples <2>-® have been proposed 
hitherto. 

© a method of mixing hydrophobic silica fine particles 
having an average particle size of 0.05 u => or smaller and a 
specifio surface area of 50 m»/g or greater to the water- 
absorbent resin particles as disclosed in the Japanese Patent 
Application Laid Open No. 133028/1981. 

® a method of adding inorganic powders such as hydrated 
silicon dioxide, hydrated aluminum hydroxide and hydrated 
titanium hydroxide to the water-absorbent resin particles as 
disclosed in the Japanese Patent Application Laid Open Bib. 
804S9/198«. 

<S> a method of treating the water-absorbent resin particles 
with a cationic surface active agent and further adding organic 
compound powders having a high melting point as disclosed In the 
Japanese Patent Application Laid Open Ho. 69854/1986. 
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(D a method of mixing stearic acid and inorganic powders to 
the water-absorbent resin particles to fors a film of stearic 
acid on the surface of the water-absorbent resin particles as 
disclosed in the Japanese Patent Application Laid Open Sc. 
105064/1988. 

However, although in the method © adding a hydrophobic 
silica contributes to improving the hygroscopic blocking rate, it 
has problems such as reducing the absorption rate, initial 
absorbency under load and absorbing capacity due to the surface 
of the water-absorbent resin particles being covered with the 
hydrophobic silica, or generating auoh dust due to the mixed fine 
powders of silica. 

In the method <2> when ■the inorganic powders are not 
hydrophobic, although it does not reduce the initial absorbency 
under load or absorbing capacity, it has problems such as 
insufficient improvement of the hygroscopic blocking rate, 
generating much dust due to the mi wed fine powders of inorganic 
silica like the method © - Further, when the inorganic powders 
are hydrophobic, there is the same problem as the method CD . 

The methods ® and ® of covering the surface of the water- 
absorbent resin particles with a hydrophobic organic compound 
having a high melting point, or stearic acid improve the 
hygroscopic blocking rate to soae extent but not sufficiently. 
Besides, they have problems such as reducing the initial 
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absorbency under load and the absorbing capacity due to the 
organic compound having a high melting point or the stearic acid 
hindering the absorbing property of the water-absorbent resins. 

Accordingly, a first object of the present invention is to 
provide water-absorbent resin particles having a high absorption 
rate by promoting uniform penetration of water, urine or 
menstrual blood to the inner part of water-absorbent resin 
particles by improving the water-absorbent resin particles. 

Further, a second object of the present invention is to 
provide water-absorbent resin particles having a lower 
hygroscopic blocking rate and dust level, and an excellent 
initial absorbency under load and absorbing capacity by solving 
problems of the above mentioned methods <D-<3> for improving 
hygroscopic blocking rate by improving water-absorbent resin 
particles. 

Disclosure of Invention 

The present invention is to provide improved water-absorbent 
resin particles produced by treating substantially water- 
insoluble water-absorbent resin particles (a). which are 
crosslinked polymers of ethylenically unsaturated monomers 
comprising acrylic acid and/or acrylic acid salt as an essential 
element, with an organic polyslloxane (B) which is in the liquid 
state at an ordinary temperature, wherein 
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CD (A) and (BJ are sisced and/or reacted, 

© the ratio of particles with a particle size of 10-1,000 it 
a in (A) particles is 95 weight * or more. 

<3> the weight ratio of (A)/<B) is 100/(0.001 to 3). 

That is. improved water-absorbent resin particles of present 
inventors are improved by treating the water-absorbent resin (A) 
with the organic polysiloxane (B), and by this treatment. (B) 
adheres to the surface of (a) particles, or (B) is affised to the 
surface of (A) particles by the reaction of (A) and <B) . 
According to whether (A) and CB) are reactive or not. they will 
be in the mixed state or the reaoted state. 

In either state, since the surface of (A) particles is 
Improved with <B) liquid organic polysiloxane, the water- 
absorbent resin particles of the present invention have an 
iaproved hygroscopic blocking rate in a high humidity and obtain 
a wettability to prevent the generation of dust. 

Further* since a conventional disadvantage of disturbing 
uniform penetration of water caused by bonding of water-absorbent 
particles each other is improved by the modification effect of 
(B) in this invention, the absorption rate i© improved. 

Further, improved water-absorbent resin particles of the 
present inventors also have an excellent initial absorbency under 
load and absorption ability. 
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Best Mode for Carrying Out the Invention 

The water-absorbent resin particles (A) of the present 
invention are substantially water-insoluble water-absorbent resin 
particles which absorb a considerable amount of water when in 
contact with water to swell and form a water-containing gel 
(hydrogel) . Such rater-absorbent resins (A) are cross 1 inked 
polymers of ethylenicslly unsaturated monomers comprising acrylic 
acid and/or acrylic acid salt as an essential element. 

Examples of such water-absorbent resins (A) include 
cross linked partially neutralized polyacrylic acid, self~ 
crossl inked partially neutralised polyacrylic acid, crosslinked 
graft-copolymers of starch-acrylic acid salt, hydrolysed 
crosslinked graft-polymers of starch-acry lonitrile . crosslinked 
copolymers of vinyl alcohol-acrylic acid salt, hydro lyzed 
crosslinked copolymers of acrylic acid-acrylamide. hydrolysed 
crosslinked copolymers of acrylic acid salt-acry lonitrile, 
crosslinked copolymers of acrylic acid salt and 2-acrylaaide~2- 
nethyl propane sulfonate, neutralized crosslinked copolymers of 
isobutylene-naleic anhydride, and mixture of two or mere of these 
examples. 

In the case when the above mentioned crosslinked polymers 
shown as examples of the water-absorbent resins (A) are formed 
with carboxylic salts such as acrylic acid salt as a raw 
material, or when they forn salts as a aeutralyzed product or a 
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partially neutralise! product, examples of such salts Include 
sodium salt, potassiu a salt, anaaonlua salt and amine salt, Among 
them, sodium salts and potassium salts are preferable. 

Among the above mentioned examples of the water-absorbent 
resins (A), crosslinked partially neutralized polyaerylic acid, 
self -crossl inked partially neutralised polyacrylio acid, 
cross linked graft-copolymers of starch-acrylic acid salt and 
crossllnked copolymers of vinyl alcohol-acrylic acid salt are 
preferable in consideration of the absorbing characteristics of 
the water-absorbeat resins when they are applied as finished 
products - 

It 13 preferable to use a water-absorbent resin as the water- 
absorbent resin (A) having absorbing performance to physiological 
saline (0.9 * aqueous solution of sodiua ehloride) in general of 
30 times or sore of self weight, preferablly 35 - 80 times, more 
preSerably 40 - 70 times. 

As to the particle size distribution of the water-absorbent 
resins (A), it is necessary to use water-absorbent resin 
particles with the particle size distribution having 95 weight % 
or more of particles with the size of 10 - 1,000 va. preferably 
water-absorbent resin particles with the particle size 
distribution having 95 weight .* or more of particles with the 
size of 50 - 850 itm among (A) particles. Since water-absorbent 
resin particles with the particle size distribution having less 
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than 95 weight % of particles with the size of 10 - 1.000 ttm 
containing much particles having a smaller particle size tend to 
form lumps at the time of water absorption to deteriorate the 
absorption rate, it is not preferable. On the other hand, since 
water-absorbent resin particles having particle size distribution 
containing "mch particles with a larger size take long time to 
absorb water to the inner part of particles to similarly 
deteriorate the absorption rate, it is not preferable. Although 
an average particle size is not particularly limited, it is 
preferably 200 - 600 no. 

The shape of the water-absorbent resin (A) particles is not 
particularly limited and examples include spherical shape 
obtained in reversed phase suspension polymerization, lamellar 
shape obtained in drum drying, block shape or random shape 
obtained in pulverizing a resin lump and agglomerates of such 
particles. 

The organic polysiloxane (B) in the present invention 
includes ones in a liquid state in an ordinary temperature 
regardless of whether they are reactive with the water-absorbent 
resin (A) or not. That is. examples of (B) include ones *hich 
are reactive with carboxylic acid (salt) group in the water- 
absorbent resins (A) and ones which are not (Here "carboxylic 
(salt) group" denotes carboxyl group and/or carboxylic salt group 
and similarly used hereinafter.). However, since organic 
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silicone monomers called silaae coupling agents are, in general, 
monomers with comparatively low molecular weight and can not 
provide a targeted advantages merely by blending, they are not 
suitable as the organic polysiloxane (8). 

Examples of (B) having no reactivity with (A) include 
dimethyl silicone oil. methyl hydrogen silicone oil. methyl 
phenyl silicone oil. cyclic dimethyl silicon^ oil, polyether- 
modified silicone oil, carboxyl -modified silicone oil. alkyl- 
modified silicone oil and alkoxy-modified silicone oil. These 
can be used in combination of two or more. Also emulsion formed 
by emulsifying these in water can be used preferably in this 
invention. 

Examples of (B) having reactivity with (A) include silicone 
oils having at least one functional group which can react Hit* a 
carboxylic (salt) group of (A) . Concrete examples include emino- 
modified silicone oil. epoxy-modified silicone oil, carbinol- 
modified silicone oil. phenol-modified silicone oil and mercepto- 
modified silicone oil. 

Among examples of those having no reactivity with (A), 
preferable are dimethyl silicone oil and polyether-modiffied 
silicone oil with respect to availability at a low price. 

Among examples of those having reactivity with (A) . 
preferable are amino modified silicone oil and epoxy-modified 
silicone oil with respect to reactivity with carboxylic (salt) 
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• group at a relatively low temperature. Particularly preferable 
is anino-modified silicone oil Kith respect to reactivity with 
carboxylic (salt) group at an ordinary temperature. 

Examples of the amino-modified silicone oil include an amino-* 
modified silicone oil which has a group illustrated as -B a NR a R a 
(Herein R x denotes an alkylene group of 1 to 12 carbon atoms; R a , 
R 3 denote H or an alkyl group of 1 to 12 carbon atoms. One or 
more hydrogen atoms in the alkylene group and/or alkyl group can 
be substituted by an OH group, a COOR group or an HH 2 group and 
the like. When the number of the carbon atoms is two or aore, an 
ether linkage having an oxygen atom between carbon-carbon beads 
can be included.) at an end of the silicone polymer molecules 
and/or in the molecules. 

Examples of the epoxy-modified silicone oil include an epoxy~ 
modified silicone oil which has a group illustrated as -RX 
(Herein R denotes an alkylene group of 1 to 12 carbon atoms; X 
denotes an epoxy group. One or more hydrogen atoms in the 
alkylene group can be substituted by an OH group, a COOH group 
and the like. When the number of the carbon atoms of the 
alkylene group is two or more, an ether linkage having an oxygen 
atom between carbon-carbon bonds can be included.) at an end of 
the silicone polymer molecules and/or in the molecules. 

In comparing those having reactivity with (A) and those not 
having reactivity with (A) among the above mentioned (B). those 
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having reactivity are sore preferable with respect to 
{insusceptibility of detaching from the surface of the resin 
particles at moisture absorption and expectancy that those having 
adherence to (A) have a greater modification effect with less 
amount to apply. 

Among the above mentioned (B), functional groups of an 
organic polysiloxane which can react «ith (A) are one or more per 
molecule of the modified silicone oil. However, the number of 
the functional groups is preferably two or more in order to also 
crosslink the vicinity of the surface of the resin particles. 
And more preferably the number of reaotive functional groups is 
from 2 - 20 for the efficient crosslinkiag. A functional group 
can be positioned either at an end. at a side chain, or at both 
an end and a side chain of the silicone polymer. 

An organic polysiloxane can be used as the organic 
polysiloxane (B) as long as it is in a liquid state in an 
ordinary temperature and molecular weight thereof is not 
particularly limited, but preferably is 1.000 or more, more 
preferably 3.000 or more. The upper limit of the molecular 
weight of the organic polysiloxane (B) is not particularly 
limited but it is in general about 1,000,000. Since progressive 
deterioration of the hygroscopic blocking rate or the dust level 
can be avoided by using an organic polysiloxane having a 
molecular weight of 1.000 or more, it is preferable. 
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The surface tension of the organic polysiloxane (B) is not 
particularly limited, but is preferably 18 - 30 dyne/cm, acre 
preferably 20 - 26 dyne/cm. Since penetration of (B) to the 
inside of water-absorbent resia particles can be prevented and 
thereby economical without the need of using much (B) and without 
susceptibility of deteriorating absorbing perforaance for 
increased water repellent effect, it is preferable. Further, 
since there is not susceptibility of deteriorated particle 
fluidity or generation of blocking, it is preferable. The 
surface tension is the value measured at 25 *C . 

The viscosity of (B) is not particularly limited as long as 
it is in a liquid state in an ordinary temperature, but 
preferably is from 10 - 20.000 centistokes (est) at an ordinary 
tenperature (25 t). particularly preferably is from 30 - 1,000 
est with respect to not having the need to dilute with a solvent 
and thus easily being mixed with (A) . 

Using an organic polysiloxane with the viscosity in the 
above mentioned range is preferable for the reasons that there is 
no need to add a step of diluting with en organic polysiloxane of 
a low viscosity or other solvents such as methyl ethyl ketone, 
cellosolves and lauryl alcohol or a step of eliminating the 
solvent used for dilution after blending treatment with (&). 
thereby econoaical. that particle fluidity can be maintained 
preferably, and that (B) becomes barely penetratft to the inside 
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of water-absorbent resin particles to eliminate the need of using 
a great deal of (B) to obtain the desired effect and thus (B) 
does not become a binder of (A) particles to delay the absorption 
rate or generate blockings. The viscosity is the value measured 
at 25 *C • 

The amount of the organic polysiloaan© (B) to the water- 
absorbent resin particles (A) can vary, but the weight ratio of 
((A) particles : (B)) is. in general. (100 : 0.001-5), preferably 
(100 : 0.001-3). more preferably (100 : 0.01-1). 

If the ratio of (B) is less than 0.001, the effect on the 
hygroscopic blocking rate is insufficient, and thus a water- 
absorbent resin composition with an improved water absorption 
rate cannot be provided. 

On the other band, if the ratio exceeds 5, although it is 
effective in terw of improvement of the absorption rate, since 
other problems such as deterioration of absorbing performance, 
insufficiency of particle fluidity, and generation of blocking, 
it can not be used practically. 

Further, the water-absorbent resin (A) particles used in the 
present invention which are further treated with a cross linking 
agent having at least two funotional groups reactive with 
carboxylic (salt) group for treating the vicinity of the surface 
of (A) particles for modification in addition to the treatment 
raith (B) for modification can be preferably used in this 
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invention since the absorption rate can further improve and the 
gel strength increases. 

The lining of surface crosslinking of (A) particles with a 
cross linking agent (C) is not particularly United, and any time 
before the treatment of (A) particles with (B) . at the tine of 
the treatment with (8) . and after the treatment with (B) can be 
applied. 

The kind of the crosslinking agent (C) varies according to 
the kind of the water-absorbent resin (A) used and the kind of 
the organic polysiloxane (B). but for example, polyglycidyl ether 
compounds, polyol compounds, polyamine compounds, polyamine 
resins, carbonate compounds , haloepoxy compounds and polyaldehyde 
compounds can be used. 

Concrete examples of polyglycidyl ether compounds include 
ethylene glycol diglycidyl ether, glycerol-l , 3-diglycidyl ether, 
glycerol triglycidyl ether, polyethylene glycol diglycidyl ether. 
1,6-hexanediol diglycidyl ether and poiyglycerol polyglycidyl 
ether. 

Concrete examples of polyol compounds include glycerol, 
ethylene glycol, polyethylene glycol, polypropylene glycol and 
(Methanol amine. 

Concrete examples of polyamine compounds include ethylene 
diamine, dlethylene triamlne and triethylene tetramine. 

Concrete examples of polyamine resins include polyamlde 
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polyamine epichlorobydrin resin and pelyamine epichlorobydrin 
resin. 

Concrete exawoles of carbonate compounds include ethylene 
carbonate. 

Concrete examples of haJoepoxy compounds include 
eplchlorohydrin and a -methyl eplchlorohydrin . 

Concrete examples of polyaldebyde compounds include 
glutaraldehyde and glyoxal. 

Among the exaaples of tbe crosslinking agents (C), 
polyglycidyl ether coapouads, polyol compounds and polyaaioe 
resins are preferable with respect to the ability to obtain water-* 
absorbent resin particles excellent in both absorption rate and 
gel strength by foraing a strong covalent bond with a carboxylic 
acid (salt) group, ethylene glycol diglycidyl ether, propylene 
glycol diglycidyl ether, glycerol -1,3-diglycidyl ether, glycerol 
triglycidyl ether, polyamine eplchlorohydrin resin and polyamide 
polyamine epichlorobydrin resin are more preferable with respect 
to their Ion reaction temperature, thereby economical in terns o? 
energy cost. 

The amount of the crosslinking agent (C) can vary depending 
upon the kind of the crosslinking agent (C). the kind and the 
crosslinking degree of the water-absorbent resin (A) and the 
desired performance of the Improved water-absorbent resin to 
obtain in this invention, but the weight ratio of (water- 
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absorbent resin (A) : cross! inking agent (C)) is. in general. (100 
0.001-5). preferably (100 t 0.001-3). more preferably (100 : 
0.01-3) and most preferably (100 : 0.05-1). It is preferable to 
use a crossl inking agent (C) in the above-mentioned range since 
it further improve the absorption rate of the water-absorbent 
resin particles and increase the gel strength without the problem 
of the deterioration of the absorbing amount. 

The method of adding (8) [and the above aentioned 
crosslinking agent (C) optionally added] can be any method as 
long as a prescribed amount is added. Examples of such methods 
include ; 

a) a method of blending each component directly, 

b) a method of preparing a master batch in advance by adding 
(B) having a high concentration (such as 5-20 weight % 
concentration) into (A) and blending, followed by adding and 
blending the master batch to (A) to adjust the concentration of 
(B) to be a prescribed amount. 

c) a method of adding an emulsion of (B) to (A) particles 
and blending. 

d) a method of dispersing or dissolving (8) [and a 
cross linking agent (C) optionally added] in a hydrophobic organic 
solvent and/or a hydrophilie organic solvent and then adding to 
(A) particles and blending, and 

e) a method of dissolving or dispersing (B) [and a 
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crosslinking agent (C) optionally added] in a solvent mixture 
comprising water and a hydrophllic organic solvent such as 
alcohol followed by adding and blending. 

As the device used to add (3) [and a cross linking agent (C) 
optionally added] to (A) particles, an ordinary blender such as a 
cylindrical blender, a screw blender, a screw extruder, a 
turbulirer, a Kauta blender, a V-shaped rotating mixer, a ribbon 
blender, a double arm type kneader, a fluidised bed mixer, an air 
blender, a rotating disc type mixer, a conical blender and a roll 
mixer can be used. 

A mixture obtained by the above-mentioned process can be 
heated to promote the reaction if necessary, depending on the 
existence of reactive functional groups and the reactivity of the 
functional groups in (B) [and the crosslinking agent (C) 
optionally added]. The above mentioned blending and heating can 
be conducted simultaneously. The reaction herein denotes a 
crosslinking reaction between the "water-absorbent resin (A)" and 
the "modified silicone oil when a modified silicone oil reactive 
with (A) is used and the crosslinking agent (C) optionally 
added". 

The temperature of the heating is in general. 60 - 200 *C . 
preferably 80 - 1B0 °C . Por the heating, a drier or a heater 
such as a hot-air drier, a rotary drier, a paddle drier, a 
rotating disc drier, a fluldized bed drier, a belt type drier, a 
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Nauta type drier and an infrared drier can be used. 

To improved water-absorbent resin particles of the present 
invention, silicon dioxide fine powders (D) can be added at an 
optional stage of the modification treatment. By adding CO), the 
absorption rate can be further improved. Further, Improvement of 
the particle fluidity can be expected. 

Examples of silicon dioxide fine powders (D) include a dry 
inorganic silica produced by hydrolyzing silicon tetrachloride in 
the f lane of combusting oxygen and hydrogen at a high 
temperature, which is generally called "Fumed Silica". Further, 
silica having an alkyl group introduced by further reacting a 
silauol group at the surface of an inorganio silica with a silane 
such as monomethyl trichlorosilane. dimethyl dichlorosilane and 
trlmethyl chlorosilane can be used as well. Concrete examples 
include silicon dioxides having a specific surface area of 50 - 
500 oVg with the particle size of the primary particle of 5 - 50 
am. 

Preferable examples of silicon dioxide fine powders (0) 
include so called hydrophi lie silicon dioxides having a specific 
surface area and a particle size in the above mentioned range 
with the hydrophi Uc degree of 70 * or more- Here 'hydrophi lie 
degree" denotes the weight ratio of silicon dioxide suspended 
colloidally in the mixed solution of water/mathanol - 70/30 
(weight ratio) . As the value becomes smaller the hydrophobic 
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property becomes stronger. Those which are generally called 
hydrophobic silica are silicon dioxide having the bydrophilic 
degree of 0 56. As the hydrophobic property becomes stronger, the 
absorption rate of the water-absorbent resin particles tends to 
deteriorate, although it partly depends on the amount of (B) 
added to (A), therefore it is preferable to use a bydrophilic 
silicon dioxide having a hydrophilic degree of 70 * or more. 

An amount of silicon dioxide floe powders (D) to the amount 
of (A), when used, is in general 0.001 - 2 weight *, preferably 
0.01 - 1 weight part, and nore preferably an amount smaller than 
the amount of (B) added to (A). By adding (D) in an amount in 
the above mentioned range, the absorption rate can be further 
improved without the problem of dust generation and the particle 
fluidity can be expected to be further improved. 

Methods of adding a silicon dioxide fine powder (D) Include, 
for example, a method of adding and blending CD) to (A) particles 
in advance, a method of adding and blending (D) to (B) , a method 
of adding (D) while blending (A) particles and (B) and a method 
of adding and blending (D) to a mixture of (A) particles and (B) . 

To the improved water-absorbent resin particles of the 
present iavtmtion, fillers or additives may be included if 
necessary as long as it does not disturb the effect of the 
present invention. Examples of such fillers or additives include 
organic powders (such as pulp powders, cellulose derivatives and 
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natural polysaccharides), inorganic powders (such as zeolite, 
silica, alumina, bentonite and active carbon), antioxidants, 
antiseptic agents, disinfectants, surface active agents, coloring 
agents, perfumes and deodorants. The amount of these is. in 
general. 10 weight % or less Kith respect to the weight of the 
improved water-absorbent resin particles. 

Improved water-absorbent resin particles of the present 
invention are substantially water-insoluble resin particles, and 
the hygroscopic blocking rate, dust level and absorbing 
characteristics can be controlled according to the intended 
application thereof. ® The hygroscopic blocking rate in high 
huaidlty (of 40 *C . 80 % RH, after three hours) is in general, 20 
% or less, preferably 10 % or less, © The dust level is in 
general. 10 cpa or less, preferably 5 cpn or less. ® The 
initial absorbency under load to physiological saline solution is 
20 g/g or more, preferably 25 g/g or sore. The upper limit of 
the aaount of the initial absorbency is not particularly limited 
and greater is better, but in general, 50 g/g or smaller. 

Physiological saline solution herein denotes an aqueous 
solution of sodium chloride (concentration of 0.85 - 0.95 weight 
*). 

Since the water-absorbent resin particles of the present 
invention do not cause hygroscopic blocking under high humidity 
nor generate dust in the production process of disposable 
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diapers, etc. and have a good initial absorbency under load, a 
good dryness of the gel after absorption and smooth feeling can 
be provided. Therefore, for example, when applied in a 
disposable diaper, they absorb great amount of urine quickly 
while enduring the load such as the weight of the baby to provide 
a good surface dryness of the disposable diaper after urination. 

Although the present invention Kill be further explained 
referring to examples and comparative examples, the present 
invention is not limited thereto. 

(Examples 1-4. Comparative Examples 1-7 > 

The hygroscopic blocking rate, the dust level, the initial 
absorbency under load and the absorbing capacity under load of 
Examples 1-4 and Campara*ive Examples 1-7 were measured by the 
aethod described below. Hereinafter "** refers to "weight »" 
unless specifically noted. 
Hygroscopic blocking rate : 

10 g of water-absorbent resin particles having a particle 
distribution of ZO mesh or less were placed evenly in an aluminum 
plate having a diameter of 5 cm. The plate was left in a 
temperature controlled and humidity controlled chamber at 40 
and a relative humidity of 80 * for three hours. Then the water- 
absorbent resin particles were sieved with a 12-mesh metal screen 
lightly, the weight of the resins which became 12 mesh or more by 
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hygroscopic blocking was measured, and the hygroscopic blocking 
rate was calculated by the following formula. 
Hygroscopic blocking rate (*) 

- (weight of the resins of 12 mesh or more) /(total weight of 
the resin particles after being left) x 100 
Dust level : 

The inhalation top of a one-liter suction bottle was 
connected to a sampling opening of a digital dust counter 
manufactured by Shibata Kagaku Co. Ltd. with a glass tube having 
7 mm bore and 10 cm length. 20 g of water-absorbeat resin 
particles ware dropped Soto the suction bottle from the top by 
oeans of a funnel. The number of the dust particles generated 
from the dropped water-absorbent resin particles per one minute 
was measured with the digital dust counter and the value was 
defined as the dust level [unit cpm (count per minute)), 
initial absorbency under load and absorption rate : 

0.1 g of the water-absorbent resin particles were spread 
evenly in a cylindrical plastic tube (30 mm bore, 60 ma height) 
having 250-mesh nylon net at the bottom and a 30 mm diameter 
weight was placed on the water-absorbent resin particles so that 
a load of 20 g/cm a was applied thereto. 

The plastic tube containing the water-absorbent resin 
particles was placed to be soaked in a Petri dish (12 cm 
diameter) containing 60 ml of physiological saline solution, with 



- 23 - 



05-07-28: 01 :44PM: FURUYA&CO 



Obion 



; 36390419 



the side having nylon net down, and then left. The increased 
weight of the water-absorbent resin particles was measured after 
absorbing the physiological saline solution for 10 minutes and 60 
minutes respectively. The value 10 times as much as the 
increased weight after 10 minutes was defined as the initial 
absorbency under load to physiological saline solution, and the 
value 10 times as much as the increased weight after 60 minutes 
was defined as the absorbing capacity under load to physiological 
saline solution. 
Example 1 

100 g of commercially available water-absorbent resin 
particles "SAKKET IM-9000D 0 [partially sodium neutralized salt of 
cross linked polyacryiic acid produced by Sanyo Chemical 
Industries. Ltd.: having particles with the size of 10 - 1,000 it 
a for 99.9 weight or more] were placed in a polyvinylchloride bag 
and 0.2 g of an amino-modlf ied silicone oil [produced by Shia- 
Etsu Chemical Co.. Ltd. as "KF-880" (surface tension 21.3 
dyne/cm; viscosity 650 cps; average molecular weight 
approximately 20,000}] was added thereto and mixed thoroughly to 
obtain improved water-absorbent resin particles (al) of the 
present invention. The measured results of the performance of 
the resin particles are described in the Table-1. 
Example 2 

100 g of water-absorbent resia particles commercially 
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available as "SAWBT IM-5800" [surface crosslinked partially 
sodium neutralized salt of crosslinked polyacrylie acid produced 
by Sanyo Chemical Industries, Ltd.: having particles with the 
size of 10 - 1.000 (im for 99,9 weight or aore] were placed in a 
2.00O-ml juicer-mixer and while mixing 0.5 g of an epoxy-modified 
silicone oil [produced by Shin-Etsu Chemical Co.. Ltd.. as "KF- 
101" (surface tension 25.2 dyne/cm: viscosity 2.000 ops; average 
molecular weight approximately 9.000)] was added thereto and 
mixed thoroughly. The obtained mixture was heated at 150 "C for 
approximately 20 minutes to obtain improved water-absorbent reain 
particles (a2) of the present invention. The measured results of 
the performance of the resin particles are described in the Table- 
1. 

Example 3 

100 g of water-absorbent resin particles commercially 
available as "SAKHBT IK-1000" [partially sodium neutralized salt 
of graft-polymers of starch-acrylic acid, produced by Sanyo 
Chemical Industries. Ltd.; having particles with the size of 10 - 
1,000 vm for 99.9 weight or more] were placed in a 2,000-ml 
juicer-mixer and while mixing 5 g of an aqueous solution of 
methanol which was obtained by dissolving 6 weight % of an epoxy- 
modified silicone oil [produced by Shin-Etsu Chemical Co.. Ltd.. 
as -KF-lOl"] and 2 weight * of ethylene glycol diglycidyl ether 
[produced by Nagase Kasei Kogyo Co. Ltd., as "Denacol BX-810"] in 
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an 80 weight $ aqueous solution of methanol (the ratio 
corresponds to 0.3 part of "KF-101" and 0-1 part of "BX-820" to 
100 parts of water-absorbent resin particles, respectively) was 
added thereto and mixed thoroughly. The obtained mixture was 
heated at ISO *C for approximately 20 minutes to obtain iaproved 
water-absorbent resin particles (a3) of the present invention. 
The measured results of the performance of the resin particles 
are described in the Table-1. 
Example 4 

100 g of -SAHUBT IH-1000" was placed in a 2.000-ml juicer- 
mixer and while mixing S g of an aqueous solution which was 
obtained by dissolving 0.1 g of an epoxy-modified silicone oil 
[produced by Sbin-Etsu Chemical Co.. Ltd., as "X-22-163B* 
(surface tension 21.0 dyne/cm; viscosity 65 cps; average 
molecular weight approximately 3.000)] and 6 weight * of 
polyamine eplchlorohydria resin in 30 weight % aqueous solution 
of ethylene oxide 3 mole adducts of methanol (the ratio 
corresponds to 0.1 part of "X-22-163B" and 0.3 part of polyamine 
epicblorohydrla resin to 100 parts of water-absorbent resin 
particles, respectively) was added thereto and mixed thoroughly. 
The obtained mixture was heated at 150 V for approximately 20 
minutes to obtain improved water-absorbent resin particles (a4) 
of the present invention. The measured results of the 
performance of the resin particles are described in the Table-1. 
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Comparative Example 1 

The commercially available "SARWBT IH-SOOOD* was used as the 
comparative water-absorbent resin particles (bl) . The measured 
results of the performance of the resin particles are described 
in the Table-1. 

Comparative Example 2 

The commercially available "SANWET IM-5800" was used as the 
comparative water-absorbent resin particles Cb2) . The measured 
results of the performance of the resin particles are described 
in the Table-1. 

Comparative Example 3 

The commercially available "SANWET IH-1D00" was used as the 
water-absorbent resin particles (b3). The measured results of 
the performance of the resin particles are described in the Table- 
l. 

Comparative Example « 

O.S e of a hydrophobic silica rAerosil-972") was added to 
100 g of commercially available particle type water-absorbent 
resin "SAGWBT IH-5000D" to obtain the comparative water-absorbent 
resin particles (b4) . The measured results of the performance of 
the resin particles are described in the Table-1. 

Comparative Example 5 

1.0 5 of titanium oxide having the particle size of 30 jca 
was added to 100 g of commercially available particle type water- 
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absorbent resin "SASNBT IH-500OD" to obtain the comparative water- 
absorbent resin particles (b5). The measured results of the 
performance of the resin particles are described in the Table-1. 
Comparative E«aapla 6 

5 g of distearyl dimethyl ammonium chloride was melted by 
heating and was added to 100 g of commercially available particle 
type water absorbent resin "SAHHET IH-5800" end stirred at 80 *C 
for 10 minutes. Then O.S g of polystyrene powders having the 
particle size of 20 um were added thereto to obtain the 
comparative water-absorbent resin particles (b6). The measured 
results of the performance of the resin particles are described 
in the Table-1. 

Comparative Example 7 

1 g of stearic acid was added to 100 g of commercially 
available particle type water-absorbent resin "SAHWBT I&-5800" 
and heated at 80 X to melt the stearic acid for 10 minutes with 
stirring. Then 3 g of silicon oxide was added thereto and mixed 
thorougly and cooled to room temperature to obtain the 
comparative water-absorbent resin particles (bT). The measured 
results of the performance of the resin particles are described 
in the Table-1. 
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water -absorbent 
resin particles 


hygroscopi c 
blocking rate 
(*) 


level 
(cps) 


absorbency 
under load 
Cg/g) 


absorbing 
ability 
under load 
(S/g) 


ExsBpie 1 


(al) 








34 


Example 2 


(a2) 


3 


2 


31 


38 


Example 3 


(a3) 


1 


4 


32 


37 


Exaaple « 


(a4) 


0 


2 


31 


36 


Cosparative 
Sample 1 


(M) 










CosqsarativB 
Example 2 


(b2) 










Exaaple 3 


(b3) 


98 


70 


3 


10 


Comparative 
Exaaple 4 


(W) 


13 


210 


8 


21 


Comparative 
Exaaple 5 


<b5) 


70 


980 


12 


27 


Comparative 

BiCBHple 6 


(b6) 


40 


80 


14 


27 


Comparative 
fijosgjle ? 


(b7) 


30 


40 


13 


26 



0 5 - 0 7 - 2 8 ; 0 1 : 4 7 P M ; F U R U Y Ai CO 



Obion 



# 33/ 



The following faots were learned froa Table-1. 

® The improved water-absorbent resin particles (al)~(a4) of 
the present invention have dramatically improved hygroscopic 
blocking rata, dust level, initial absorbency under load and 
absorbing capacity compared to the untreated water-absorbent 
resin particles (bl)-(b3). 

® The improved water-absorbent resin particles (al)-(a4) of 
the present invention have superior hygroscopic blocking rate, 
dust level, initial absorbency under load and absorbing capacity 
compared to the comparative water-absorbent resin particles (b4)- 
<b7). 

<D Further, although the comparative water-absorbent resin 
particles (b4)-(b6) were improved in terms of hygroscopic 
blocking rate in comparison with the untreated water-absorbant 
resin particles <M)-(b3). they became inferior in terms of dust 
level. Moreover, all of the comparative water-absorbent resin 
particles (b4)-(b7) became inferior to the untreated water- 
absorbent resin particles (M)-(b3) in terms of the initial 
absorbency under load and the absorbing capacity. 
< Examples 5-16, Comparative Examples 8-12 > 

The absorbency under pressure-free state, absorbency under 
load, absorption rate, permeability and gelling time were 
measured by the method described below, 
Absorbency under pressure-free state: 




Obion 



1 g of nater-absorbent resin particles were placed in a tea 
bag (with length : 20 cm. width : 10 cm) made from 250-Besh nylon 
net and was then soaked in 500 ml of physiological saline 
solution (0.9 » aqueous solution of sodiua chloride) for 50 
minutes and taken out and left for water removal for IS minutes. 
Then, the weight increase was measured and the value was defined 
as the absorbency under pressure-free state. 
Absorbency under load: 

In a cylindrical plastic tube (30 aa bore. 60 mm height) 
with a 2S0-nesh nylon net affixed on the bottom side, 0.1 g of 
water-absorbent resin particles ware placed and spread evenly, 
and a weight with SO ma outside diameter was placed so that 20 
g/cm a load was applied. A plastic tube containing the watar- 
absorbent resin particles was soaked in a Petri dish (diameter : 
12 cm) containing 60 ml of physiological saline solution, and 
left with the nylon net side down for 30 minutes. The 10°fold 
value of the increase in weight after 30 minutes was defined as 
the absorbency under load. 
Absorption rata; 

50 ml of physiological saline solution and a magnetic 
rotating element (approximately column shape with length of 30 
mm, diameter of 8 mm in the center, diameter of 7 ma at both 
ends) were placed in a 100 ml beaker and 2 g of water-absorbent 
resin particles were introduced with rotating the magnetic 
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rotating element at 600 rps by a magnetic rotator. The time 
taken from immediately after the introduction to the stoppage of 
rotation of the magnetic rotating element was measured and 
defined as the absorption rate. 
Permeability: 

2 g of water-absorbent resin particles were placed in a 50 
al beaker and 30 ml of physiological saline solution was added 
thereto slowly so as not to cause dispersion of the water- 
absorbent resin particles. Then the perflation state of the 
physiological saline solution to the inside o£ the water- 
absorbent resin particles was Judged by eyes. The eriteria Of 
the judgment are as follows. 

@ : Good permeability without lump formation 
O : Good permeability but with few lump formation 
A : Slightly poor permeability with lump formation 
x : Poor permeability with lump formation entirely 
Gelling time ; 

2 g of water-absorbent resin particles were placed in a 50 
ml beaker and 30 ml of physiological saline solution was added 
thereto slowly so as not to cause dispersion of the water- 
absorbent resin particles. Then the time until when the entire 
liquid becomes gelled without fluidity was measured and the value 
was defined as the gelling tiae. 

Comparative Example 8 
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95 g of sodium acrylate, 27 g of acrylic acid. 0.3 g of H,H'- 
methylene bisacryl amide and 430 g of deionized water were placed 
in a 1 liter glass reactor and the temperature of the contents 
was kept at 5 t with stirring and mixing. After introducing 
nitrogen to the contents to nave the dissolved oxygen amount of 1 
ppa or less. 1 g of 1 * aqueous solution of hydrogen peroxide and 
1 g of 0.3 * aqueous solution of ascorbic aoid were added to 
start polymerization. After the polymerization of approximately 
5 hours, a hydrogel polymer was obtained. The hydrogel polymer 
was dried by hot air at 130-150 V , and was pulverized to the 
particle distribution of the particle size of 850 it m or smaller 
to obtain the water-absorbent resin particles (b9) . (bB) 
contains 7.2 a of fine particles with the particle size of 105 ft 
a or smaller, and 1.0 % of fine particles with the partlole size 
of 45 um or smaller. The measured results of the performance of 
the water-absorbent resin particles (b8) are described in the 
Table-2 . 

Comparative Example 9 

While 100 g of the water-absorbent resin particles (b8) 
obtained in the Comparative Example 8 was stirred at high speed, 
1 g of 10 % aqueous solution of ethylene glycol diglydicyl ether 
was sprayed to (b8) evenly and applied with heat treatment ot 
approximately 140 *C for 30 minutes to obtain the water-absorbent 
resin particles (b9) with the vicinity of the surface 
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crossl inked. The particle distribution of (b9) was almost the 
sana as that of <b8), namely, the ratio of the fine particles 
with the particle size of 105 m cr smaller was $.4 ft. and that 
of the fine particles with the particle size of 45 u m or smaller 
was 0.9 %. For comparison, the measured results of the 
performance of the water-absorbent resin particles <b9) are 
described in the Table-2, 
Comparative Example 10 

The water-absorbent resin particles (blO) were obtained by 
removing the fine . particles with the particle size of 105 ua or 
smaller from the water-absorbent resin particles Cb8) obtained in 
the Comparative Example 8. The measured results of the 
performance of the water-absorbent resin particles (M0) are 
described in the Table-2. 
Comparative Example 11 

100 s of acrylic acid, 0.3 g of tetraallyl oxyethane and 350 
g of deionised water were placed in a 1 liter glass reactive 
container, and the temperature of the contents was kept at 5 *C 
with stirring. After introducing nitrogen to the contents to 
have the dissolved oxygen amount of 1 ppa or less, 1 g of 1 % 
aqueous solution of hydrogen peroxide and 1 g off 0.3 % aqueous 
solution of ascorbic acid were added to start polymerization. 
After the polymerization of approximately S hours, a bydrogel 
polymer was obtained. 
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With kneading the bydrogel polymer with an extruder with 
flat perforated plate. 116 g of 35 * aqueous solution of sodium 
hydroxide was added and kneaded uniformly, to obtain a hydrogel 
polyer with approximately 73 sole ft of the acrylic acid was 
neutralized. The hydrogel polymer was dried with a drua drier 
with the surface temperature of 180 t , and was pulverised to the 
particle distribution of the particle size of 850 ua or smaller 
to obtain the water-absorbent resin particles (Mi). (bll) 
contains 5.2 * of the fine particles with the particle size of 
105 (i m or smaller , and 0-8 ft og the fine particles with the 
particle size of 45 da or smaller. The measured results of the 
performance of the water-absorbent resin particles (bll) are 
described in the Table-2. 
Cooperative Example 12 

65.4 g of acrylic acid and 78.6 g of deionized water were 
placed in a 200 ml flask, and 56.0 g of 48 ft aqueous solution of 
sodium hydroxide was dropped gradually with stirring while being 
cooled to 20-30 t to neutralize 74 mole ft of acrylic acid. 0.2 
g of N.tT -methylene bisacryl amide was dissolved in the monomer 
aqueous solution. Then 0.1 g of potassium persulfate was added 
thereto and dissolved at a room temperature, followed by 
introducing nitrogen gas to have the dissolved oxygen amount of 1 
ppffi or less in the solution. 

400 g of n-hexane was placed in a 1 liter flask with a 
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reflux condenser installed. And after dissolving 3 g of 
sorbitaxte aosostealate, nitrogen gas was introduced to have the 
dissolved oxygen amount of 1 ppm or less in the solution. Then 
while keeping the temperature at approximately 60 *C with wars 
bath and stirring, the above nentioned monomer aqueous solution 
containing potassiua persulfate was dropped thereto to have 
polymerization for approximately 3 hours, and the polymerization 
was continued further for 2 hours under the reflux condition to 
obtain the dispersion of a spherical hydrogel polymer. By 
filtering the polymer dispersion to separate the hydrogel polymer 
and by centrifugal dehydrator, a spherical hydrogel polymer was 
obtained. The hydrogel polymer was dried at 90-95 °C under 
reduced pressure to obtain spherical water-absorbent resin 
particles with the particle size of 850 ft a or smaller (bi2) . 
(b!2) contains 6.4 * of the fine particles with the particle size 
of 105 A a or smaller, and the 0.9 % of fine particles with the 
particle size of 45 or smaller. The measured results of the 
performance of the water-absorbent resin particles (M2) are 
described in the Table-2. 
Example 5 

100 parts of the water-absorbent resin particles (b8) 
obtained In Comparative Example 8 and 0.05 part of dimethyl 
silicone oil "Shia-Stsu Silicone XF96A-100" [produced by Shin- 
Btsu Chemical Co., Ltd.; surface tension 20.9 dyne/cm; viscosity 
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100 cps; average molecular weight approximately 6, 000] were 
placed in a V-shaped rotating mixer for mixing for 20 ainutes to 
obtain the improved water- absorbent resin particles (a5) of the 
present invention having the particle distribution almost the 
sane as that of the water-absorbent resin particles (b8). The 
measured results of the performance of the water-absorbent resin 
particles (a5) are described in the Table- 2. 
Examples 6, 7 

The improved water-absorbent resin particles (a6) and (a7) 
of the present invention were obtained in the process the same as 
Example 5 except that the ratio of the dimethyl silicone oil 
"Shin-Etsu Silicone KF96A°100" to the water-absorbent resin 
particles (b8) in Example S was changed to 0.01 % and 0.1 %, 
respectively. The measured results of the performance of these 
water-absorbent resin particles are described in the Table-2. 
Examples 8-10 

The improved water-absorbent resin particles (a8), (a9) and 
(alO) of the present invention were obtained in the process the 
same as Example 5 except that "Shin-Btsu Silicone KF96A-100" in 
Example S was replaced by dimethyl silicone oil "Shin-Btsu 
Silicone RF96-50" [surface tension 20.8 dyne/cm; viseosity SO 
cps; average molecular weight approximately 3.300], dimethyl 
silicone oil "Shin-Etsu Silicone XFS 6=350" [surface tension 21.1 
dyne/cm; viscosity 350 cps; average molecular weight 
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approximately 15.000]. dimethyl silicone oil "Shin-Etsu Silicone 
Oil KF54" [surface tension 25.2 dyne/cm; viscosity 400 cps: 
average molecular weight approximately 16.000]. respectively (all 
o£ the silicone oils are produced by Shin-Btsu Chenical Co.. 
ltd.). The measured results of the performance of these water- 
absorbent resin particles are described in the Table-2 . 
Examples 11. 12 

The improved water-absorbent resin particles (all) and (al2) 
of the present invention were obtained in the process the same as 
Example 5 except that "Shin-Btsu Silicone KF96A-i00" in Example 5 
was replaced by dimethyl silicone oil "Shin-Etsu Silicone KF96-5° 
(surface tension 19.7 dyne/ca; viscosity S cps: average molecular 
weight approxiaately 100), dimethyl silicone oil "Shin-Etsu 
Silicone KP96-3000" (sur'.ace tension 21.3 dyne/cm: viscosity 
3.000 cps; average molecular weight approxiaately 40,000), 
respectively (all of the silicone oils are produced by Shin-Etsu 
Chenical Co., Ltd.). The measured results of the performance of 
these water-absorbent resin particles are de..jribed in the Table- 



Example 13 

By adding 0.02 % of silicon dioxide of 100 % of hydrophilic 
degree ("EEOLOSIL QS-102"; produced by Toleuyaaa Soda Co. Ltd.) to 
the water-absorbent resin particles (a5) obtained in Example 5 
and evenly nixing, the water-absorbent resin particles (al3) were 



2. 




- 38 - 



05-07-28:0) :53PM; FURUYAiCq 



Obion 



obtained. The measured results of the performance of the water 
absorbent resin particles (a!3) are described in Table-2. 
Bxaarples 14-16 

The improved water-absorbent resin particles (al4). (815) , 
(»16) of the present invention were obtained in the process the 
sane as Example S except that the water-absorbent resin <b8) was 
replaced by the water-absorbent resins (b9), (blO). (bl2), 
respectively. The measured results of the performance of these 
water-absorbent resin particles are described in Table-2. 
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As shown in Table-2. improved water-absorbent resin 
particles of the present invention and coapositions containing 
these resin particles have superior absorption rate, excellent 
permeability and drastically improved gelling tine without 
deteriorating the absorbency under pressure-free state and 
absorbency under load compared to the corresponding Comparative 
Examples. 

Industrial Applicability 

The improved Mater-absorbent resin particles of the present 
invention have an improved absorption rate, hygroscopic blocking 
rate and dust level as well as the absorbing capability of the 

water-absorbent resin is also maintained or improved as shown 

below- 

1) Improvement of the absorption rate 

<t> A high absorption rate is illustrated not only to water 
but also to salt solution and human body waste fluids such as 
urine and blood. The absorption rate is improved to be 
approximately 1/2 - 1/4 compared to water-absorbent resin 
particles before treatment with organic polyslloxane. 

<D Since liquid penetrates to the inside of particles after 
the surface of water-absorbent resin particles get tret evenly 
with the liquid, the particles absorb the liquid quickly to be 
gelled. 
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<S> Even when fine particles having a small particle size are 
contained in a great amount in the Hater-absorbent resin 
particles, a high absorption rate is obtained. 
2) Improvement of the hygroscopic blocking rate, dust generation 

(j) Since organic polysiloxane with water repelleacy is 
affixed or adheres to the surface of the water-absorbent resin 
particles efficiently, the hygroscopic blocking rate is low. 
Therefore, the water-absorbent resin does not for» blocks and 
provide good operativity even in the application in a high 
humidity. 

<S> Since organic polysiloxane is liquid, unlike other 
methods to add hydrophobic fine powders, dust level can be 
lowered by the wetting effect. Therefore, even in dealing with 
water-absorbent resin particles in a great amount, fine particles 
are scarecely scattered to improve the operation environment to 
reduce the risk of the workers' inhaling the dust. 

CD Since scattering is rare, the loss rate of the water- 
absorbent resin particles in disposable diapers can be reduced to 
improve productivity. 

3) Maintenance or Improvement of the absorbing performance 

© The same or superior absorbing performance to the level 
before treatment is shown after the improvement with organic 
polysiloadbtane. 

® In particular, when organic .polysiloxhane having 
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reactivity with water-absorbent resin before treatment, since the 
vicinity of the surface of the water-absorbent resin is 
crosslinked. the initial absorbency und«»r load and absorption 
rate are improved compared to the water-absorbent resin particles 
before treatment. Therefore, when applied to disposable diapers, 
etc.. the water-absorbent resin particles can rapidly absorb much 
urine, enduring the pressure from the weight of a baby without 
exuding out the absorbed urine, to provide a good surface dryness 
and smooth touch of the diapers. 

Due to the above-mentioned advantages, the improved water- 
absorbent resin particles of the present invention are preferably 
used in hygienic materials or absorbent pads such as disposable 
diapers (disposable diapers for children and disposable diapers 
for adults), sanitary napkins, incontinence pads, mother's milk 
pads, underpads for operations and pet sheets. 

The improved water-absorbent resin particles of the present 
invention are further useful ia various applications utilising 
particle type water-absorbent resins, including applications ia 
contact with food such as freshness retaining materials, cooling 
oaterials and drip absorbers; materials for separating water from 
oil, desiccants; water retainers for plants or soil: sludge 
solidification agents; anti-dewing agents; water blocking 
materials or packing materials for construction work; and water 
sealing materials for electric wires or optical fiber cables and 
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Claias: 

J. Improved water-absorbent resin particles comprising water- 
absorbent resin particles (A} which are a crossliaked polymer of 
ethylenically unsaturated monomers comprising acrylic acid asd/or 
acrylic acid salt as an essential element, treated with an 
organic polysiloxane (B) which is in the liquid state at an 
ordinary temperature, wherein 

© (a) and (B) are mixed and/or reacted, 

<g> the ratio of particles with a particle size of 10 - 1.000 
At a in (A) particles is 95 weight % or more, 

<S> the weight ratio of (A)/(B) is 100/(0.001-5). 

2. The improved water-absorbent resin particles according to 
claim l, wherein the viscosity of (B> at 25 "C is 10 - 20,000 est 
and the surface tension thereof is 18 - 30 dyne/cm. 

3. The improved water-absorbent resin particles according to 
claim 1 or claim 2, wherein (B) is a modified silicone oil having 
at least one functional group which can react with a carboxylic 
group and/or a carboxylic salt group in its molecules. 

4. The Improved water-absorbent resin particles according to 
claim 3. wherein (5) is an aaino-oodified silicone oil or an 
epoxy-modifibd silicone oil. 

5. The iaproved water-absorbent resin particles according to 
olaim 1 or claim 2, wherein the average molecular weight of (B) 
is 1.000 or more. 
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6. The improved water -absorbent resin particles according to 
claim 1 or claim 2. wherein the vicinity of the surface of (A) 
particles is further cross linked with a cross linking agent (C) 
having at least two functional groups which can react with a 
carbosyl group and/or a car boxy lie salt group in its aolecules 
either before the treatment of (A) with (B). at the time of the 
treatment (B) , or after the treatnent with (B) . 

7. The improved water-absorbent resin particles according to 
claim I or claim 2. wherein silicon dioxide fine powders (D) are 
further added in the amount of 0.001 - 2 weight % with respect to 
(A). 

8. The improved water-absorbent resin particles according to 
claim 1 or claim 2. having the absorbing characteristic with the 
hygroscopic blocking rate of 2085 or less under the relative 
humidity of 90% et 40 V , dust level of 10 cpm or less, and the 
Initial absoybeaoy under load to the physiological saline 
solution of 20 g/g or more. 
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ABSTRACT 

Improved water-absorbent resin particles comprising water- 
absorbent resin particles (A) which are a cross linked polymer of 
ethyleaically unsaturated monomers comprising acrylic acid and/or 
acrylic acid salt as an essential element, treated with an 
organic polysiloxane (B) which is in the liquid state at an 
ordinary temperature, wherein 

<D (A) and (B) are nixed and/or reacted, 

<g> the ratio of particles with a particle si2e of 10 - 1,000 
*tm in (A) particles is 95 weight fc or more, 

@ the weight ratio of CA)/(B) is 100/(0.001-5). 
Since the above mentioned improved water-absorbent resin 
particles are superior to conventional water-absorbent resin with 
respeot to the hygroscopic blocking rate, the dust level, also 
the absorbing characteristics of the water-absorbent resin 
including absorbing amount under a pressure-free state, absorbing 
amount under load, and the surface dryness after absorption are 
maintained or improved. 

Therefore the water-absorbent resin particles of the present 
invention can be preferably used in various applications 
utilising particle type water-absorbent resin, in particular, in 
hygienic materials and or absorbent pads such as disposable 
diapers, sanitary napkins and incontinence pads. 



05-07-28:01 : 58PM ; FURUYA&CO 



136390419 



« 51/ 



fat. CX* ggi£fl<if * gSff&Oo' W8J3/i4 ' C08J3A6, 608851/02, 

^feTlx^^^o/^ 7^^B3z7ur^^r%TTe^3/iS r €68081/02, 
eefl&33/§2> C08?8/OO 4 



1S2S - 1995 
I97i - 1995 



3?„ S1=2$400S, A J&ifcaHbis&A Sefceoehemieal Co. 

Hevtsaabeg 22., X986 (21. U„ 86), 
Lias 7, Irae? rigbt eolusm, gag© a to lise 9, 
uppes ie&fe «olvsna, p&fl® 3 S 2P, 19540*, S 
~S, 47SSSS0, A 6 32, 3S820S8, C 

OS, 5-70625 s A pJitaH&ls&i frateecfceaieal 6©<>, 

Hss^h'23, 1993 t23. 03. 93), 

&ine 47, x-i^fa-S eolwaa, pegs 2 lis® 18, 

sigfcfe column, psgra 3 (Family* aoae) 




g R30fe £fa&Bu ____ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

□ BLURRED OR DLLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



